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本论文选取低 Co 含量的 LiNi1/3Co1/3Mn1/3O2和 LiNi0.5Co0.2Mn0.3O2为主要研
究对象。采用共沉淀结合高温烧结法，优化一系列实验条件合成类球形
LiNi1/3Co1/3Mn1/3O2 正极材料；对 LiNi1/3Co1/3Mn1/3O2 进行 CoAl2O4 表面包覆改善
其在高充电电压下的电化学性能和热稳定性；为提高 LiNi0.5Co0.2Mn0.3O2 的电化




进行探索讨论，得到最优化工艺条件：氨水浓度为 2.5 mol·L-1，进料速度为 1 
mL·min
-1，反应时间为 8.5 h，搅拌速度为 1000 r·min-1，控制 pH 为 10.9，水浴温
度55℃，金属盐及氢氧化钠溶液浓度分别为2和4 mol·L-1。得到的前驱体与LiNO3
按摩尔比 1:1.05 充分混合，然后在氧气气氛下，经 300℃预烧 5 h，而后高温 850℃
煅烧 12 h 得类球形 LiNi1/3Co1/3Mn1/3O2 正极材料。电化学性能测试结果显示，在
充放电电压 3 ~ 4.3 V，电流密度 70 mA·g-1 条件下，首次放电容量为 145.8 mAh·g-1，
100 次循环之后容量保持率为 93.3%；而在 3~4.6 V 的高充电电压下，首次放电
容量提高至 181.9 mAh·g-1，但 100 次循环保持率仅为 86.4%。 
在第四章，采用共沉淀法对上述类球形 LiNi1/3Co1/3Mn1/3O2 正极材料表面进
行 CoAl2O4 包覆改性研究。结果表明，CoAl2O4 包覆改善了 LiNi1/3Co1/3Mn1/3O2
在高充电电压下的电化学性能和热稳定性。通过一系列包覆量的研究发现，当包
覆量为 1 wt%时性能最优，该材料在充放电电压区间为 3.0~4.6V，电流 150 mA·g-1
的条件下，首圈放电比容量为 174.7 mAh·g-1，循环 100次后容量保持率为 93.7%；














率也从 17.7%提高到 77%。此外，倍率性能也得到提升，在 10 C 的倍率下，包





为：以乙醇为分散剂，球磨速度 200 r·min-1，LiFePO4 质量分数为 20%。对最佳
条件下制得的材料进行电化学性能测试及热稳定性测试，结果表明，LiFePO4 质
量分数为 20%的混合材料在充放电电压区间为 3~4.3 V，电流 80mA·g-1的条件下，
首次放电容量 143.5 mAh·g-1，50 次循环后的容量保持率为 96.8%，优于
LiNi0.5Co0.2Mn0.3O2 材料的 90.8%；DSC 数据表明混合材料的放热量减少，热稳
定性能得到提高。 
















The LiNixCoyMnzO2 cathode material is considered to be one of the best choice 
to replace LiCoO2 cathode materials due to its high voltage, high energy density and 
lower cost at present. How to make The LiNixCoyMnzO2 cathode material not only 
has higher specific capacity, but also has a better electrochemical performance and 
thermal stability become a research hotspot around the world. 
This dissertation is concentrated on LiNi1/3Co1/3Mn1/3O2 and LiNi0.5Co0.2Mn0.3O2 
samples with low Co content. Firstly, the co-precipitation with high temperature 
sintering process method has been applied to obtain the spherical-like cathode 
material through a series of optimized conditions. Secondly, the CoAl2O4-coated 
modification of LiNi1/3Co1/3Mn1/3O2 has been synthesized via a co-precipitation 
method. The electrochemical property and thermostability of LiNi1/3Co1/3Mn1/3O2 at 
high charged potential is improved after coating with CoAl2O4. Thirdly, in order to 
improve the electrochemical property and thermal stability of LiNi0.5Co0.2Mn0.3O2, the 
blending composite of LiNi0.5Co0.2Mn0.3O2 and LiFePO4 was investigated. 
In chapter 3, the precursor Ni1/3Co1/3Mn1/3(OH)2 is prepared by hydroxide 
co-precipitation method, the synthesis conditions such as complexing agent (ammonia 
concentration), reaction time, stirring rate and feed rate have been investigated, the 
optimized pH of the aqueous solution is 10.9, concentration of NH3·H2O is 2.5 
mol·L
-1
, reaction time is 8.5 h, feed rate is 1mL·min
-1
, stirring rate is 1000 r·min
-1
, 
bath temperature is 55℃, and the concentration of metal ions and sodium hydroxide 
are 2 and 4 mol·L
-1
.  
The LiNi1/3Co1/3Mn1/3O2 cathode material was obtained as follows: precursor and 
LiNO3 were mixed with the mole ratio of Li/M(Ni+Co+Mn) 1.05/1. The mixture was 
calcined at 300 ℃ for 6 h and 850 ℃ for 12 h. It showed that the initial discharge 
capacity was 145.8 mAh·g
-1
 in a range of 3~4.3V at 70 mA·g
-1
 current density and 
















 current density the initial discharge capacity was raised to 181.9 mAh·g
-1
 with 
a declining capacity retention of 86.4% after 100 cycles. 
In chapter 4, the CoAl2O4-coated LiNi1/3Co1/3Mn1/3O2 samples was prepared by a 
co-precipitation method, the results show that coated LiNi1/3Co1/3Mn1/3O2 exhibited 
better electrochemical performance and thermal stability under a high cut-off voltage. 
In the voltage range of 3~4.6V, 1 wt% CoAl2O4-coated LiNi1/3Co1/3Mn1/3O2 shows an 
excellent cycling performance. The capacity retention afte 100 cycles is increased 
from 74.4% to 93.7% at room temperature after coating modification, while at 55℃ 
that is increased from 17.7% to 93.7%. The discharge capacity of coated sample after 
100 cycles was 127 mAh·g
-1
, while the uncoated sample was only 41 mAh·g
-1
.The 
concentration of Mn ion in the electrolyte and XRD of samples after 100 cycles show 
that coating modification could depress Mn ions dissolution in electrolyte and 
enhance the structural stability. 
In chapter 5, the LiNi0.5Co0.2Mn0.3O2/LiFePO4 blend material was prepared by 
mechanical ball milling. The optimized condition are that using ethanol as dispersant, 
ball milling speed is 200 r·min
-1
, the mass ratio of LiFePO4 is 20%. The 
electrochemical performance and thermal stability test showed that the initial 
discharge capacity of the sample which blended with 20wt% LiFePO4 was 143.5 
mAh·g
-1
 in a range of 3~4.3V at 80 mA·g
-1
 current density and after 100 cycles the 
capacity retention rate was 96.8%, better than the LiNi0.5Co0.2Mn0.3O2 material 
( 90.8%); The DSC result showed that the heat flow at high temperature of 
LiNi0.5Co0.2Mn0.3O2  decrease after blended with LiFePO4, so the thermal stability of 
LiNi0.5Co0.2Mn0.3O2 is enhanced. 
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图 1.1 常见电池能量密度对比图 
Figure 1.1 Comparison of different battery technologies in terms of volumetric 










































下 Ni-Cd、Ni-MH 电池的电压仅为 1.2 V；（3）循环寿命长[13]，在 80%的放电深





表 1.1 不同电池的主要性能 




铅酸电池 2.0 30 200~500 5 
Ni-Cd 电池 1.2 60 500 20 
Ni-MH 1.2 70 500 30 
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